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Abstract. The occurrence of landslide is widespread in the Himalayan regions of India.  Landslide being one of the 
most important geological hazards causing loss of life and property, so there is a need to formulate strategies for 
minimizing the social impact caused by landslides. One of the preliminary steps in this direction is preparation of 
landslide susceptibility maps. This work attempts to create a landslide susceptibility map for GIT watershed, of 
Kalimpong sub division of West Bengal, using information value method.   
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Introduction 
Landslide is a common term generally used for all 
forms of rapid mass movement. They are the most 
devastating and frequently occurring environmental 
hazards that usually occur in mountainous areas. In the 
last decades different deterministic and probabilistic 
methods and techniques for evaluating landslide 
occurrence have been developed (Crozier, 1995; 
Hutchinson, 1995; Hensen, 1984; Vernes, 1984). 
Despite the methodological and technical differences, 
most proposed methods consider that geological and 
geomorphologic conditions of future landslides should 
be similar to those conditions that led to past slope 
instability. So, mapping past slope movements, 
together with the identification and mapping of the 
conditioning or preparatory factors of slope instability, 
are the keys in predicting future landslides. 
Landslide susceptibility evaluation is a complex, 
multivariate problem involving extrapolation of local 
data to larger areas. Inherently this practice involves a 
high level of uncertainty (Crozier, 1995, Carrara et. al. 
1998, 1995, 1992, 1991) mostly in landslide 
identification and mapping, susceptibility zoning 
procedure and in the application of statistical models.  
The overlapping of landslide distribution and 
conditioning factors enable the dangerous zones to be 
defined, but not the return period or the probability of 
occurrence of the instability processes. In fact, most 
regional landslide hazard assessments provide a 
ranking of terrain units only in terms of susceptibility, 
not including the temporal component of the hazard. 
Hence the susceptibility expresses the likelihood that a 
landslide will occur in the area based on the local 
terrain conditions (Soeters and Van Westen, 1996).  
In this work an attempt has been made to create 
landslide susceptibility map of GIT watershed of 
Kalimpong subdivision of West Bengal using 
information value method (Wu et al., 2000). Various 
conditioning factors which have been taken into 
consideration for creating the landslide susceptibility 
map include: slope, landuse, lineament, aspect and 
geology. 
Methodology  
There exist various types of methods for landslide 
hazard assessment, and these methods can be classified 
into various groups as landslide inventory analysis, 
heuristic methods, statistical methods and deterministic 
methods (Socters and Van Westen, 1996). 
While analyzing landslide hazard by statistical 
methods the combinations of factors that have led to 
landslide in the past are determined statistically, and 
quantitative predictions are made for areas currently 
free of landslides but where similar conditions exist. 
The core of this type of analysis is, overlaying of 
parameter maps and calculation of landslide densities 
of areas under investigation. Most of the analysis is 
based on the relationship between the landslide 
densities per parameter class compared with the 
landslide density over the entire area. Using 
combination of alphanumeric variable and numeric 
variable in a statistical analysis generally creates 
problems. This problem can be sorted out by treating 
each variable class as a separate variable and using a 
binary testing that is there can be only two states that 
the variable is present (1) or absent (0).  This principle 
is applied in information value method. The 
information value method can be applied both to land 
units as well as on a pixel basis. The method adopted 
for landslide hazard in this study is a bivariate 
statistical method, namely the information value  
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method. This hazard information method, developed 
by Yin and Yan (1998) is based on the following 
formula for calculating the information value Ii for 
variable Xi: 
          Si / Ni 
Ii = log ----------- 
        S / N 
Where: 
Si: the number of land units or pixels with mass 
movements and the presence of variable Xi. 
Ni: The number of land units or pixels with variable Xi. 
S: The total number of land units or pixels with mass 
movements. 
N: The total number of land units or pixels. 
Negative values of Ii means that the presence of 
the variable is not relevant in landslide development. 
Positive values of Ii indicate a relevant relationship 
between the presence of the variable and landslide 
distribution, the stronger the higher (Zēzere, 2002). 
The degree of a hazard for a land unit or pixel j is 
calculated by the total information value Ij. 




 Xij  Ij 
Where: 
m = number of variables 
Xij = 0, if the variable Xi is not present in the land unit 




Based on scale factor, for medium scale (1/25,000 
to 1/50,000) the information value method’s usefulness 
is good (Soeters and van Westen, 1996). 
Case study  
General characteristics of the study area 
The work has been done on GIT watershed of 
Kalimpong subdivision of Darjeeling district of West 
Bengal. The latitudinal extent of the area is from 26
 
52’ 49.06”N to 27 05’ 40.00”N and the longitudinal 
extent of the area is from 88 33’ 10.18” E to 88 40’ 
48.17” E. The area of the watershed is 160.39 sq km. 
The mean annual precipitation of the study area is 
3094.4 mm. The available past data show that there 
have been 12 landslides in the study area. The 
watershed is situated in the Himalayan region and has 
a slope ranging from 0.01 to 60.1 degrees.   
Thematic maps 
Thematic map prepared include: 
1. The map depicting the past landslides in the 
study area. 
2. Lineament map of the study area.  
3. Geology of the study area  
4. Contour map of the study area. 
5. Landuse map  
Past Landslide map (Map I) 
The past landslide data of the study area was collected 
from secondary sources and from survey of the study 
area. GPS survey was conducted at all the sites where 
previously landslide has occurred. There have been 
twelve landslides in the study area. The affected area 
of each landslide is given in Table I with reference to 
Map I. 
 
Table 1. Past landslide areas. 
 





















Lineament map (Map II) 
The lineament map of the study area has been prepared 
from toposheet and satellite imagery. The lineament 
density varied from 0 to 6.2877 km/km
2
. The 
lineament map has been classified into four classes i) 
0–2 ii) 2–4 iii) 4–6 iv) 6 and above. The total area 
covered under the different classes is as given in Table 
2. 
Table 2. Area covered under different classes of lineament. 
 
Geology map (Map III) 
The geology map of the study area has been prepared 
from secondary data. The geological units present in 
the map with percentage of each unit are as given in 










% of total 
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2 2 – 4 km/km
2 
48.28 30.10 
3 4 – 6 km/km
2 
3.39 2.12 
4 > 6 km/km
2 
0.02 0.01 
Map I: Past landslide location, GIT watershed, Kalimpong, W.B.  Map II: Lineament, GIT watershed, Kalimpong, W.B. 
Map III: Geology, GIT watershed, Kalimpong, W.B 
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Contour Map  
The contour map of the study area was prepared from 
the toposheet maps having 10 meters contour interval. 
From the contour map the slope map (Map IV) and the 
aspect map (Map V) of the study area was generated. 
The slope of the study area varied from 0.008 degrees 
to 60.099 degrees. The slope map was further 
classified  into  five  classes  showing  slopes of i) 0º  – 
15º  ii) 15º – 25º  iii) 25º – 35º  iv) 35º – 45º  v)  45º.  
The  aspect  map of the  study  area was divided into 
eight classes i) North ii) North East iii) East iv) South 
East v) South  vi) South West vii) West viii) North 
West  
Landuse map (Map VI)  
The landuse map of the study area was prepared from 
image processing of satellite data. The percentage 
contribution of various landuse classes to the total 























% of total 
area 
1 Agricultural land 30.06 18.74 
2 Dense forest 70.78 44.13 
3 Open forest 11.52 7.18 
4 Openscrub 21.92 13.67 
5 River 10.09 6.29 
6 Settlement 15.22 9.49 
7 Tea Garden 0.79 0.49 
 
Table 4. Land use distribution in the study area. 
Map VI: Landuse / Landcover, GIT watershed, Kalimpong, W.B. Map IV: Slop, GIT watershed, Kalimpong, W.B. 
Map V: Aspect, GIT watershed, Kalimpong, W.B. 
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Results and Discussion  
To calculate the information value, each class of the 
thematic map was crossed with the landslide map. 
Cross tables were created which contain the pixel 
information value for various classes of the individual 
layers. The conditioning factors, variable cases 
considered and the information value obtained from 
analysis for landslide susceptibility evaluation are as 
given in Table 5. 
The landslide susceptibility map (Map-VII) was 
calculated by the summation of cross weighted maps 
of different conditioning factors. The different 
weighted maps were: 
Slide_geol --- cross weighted map of landslide and 
geology  
Slide_slope --- cross weighted map of landslide and 
slope  
Slide_aspect --- cross weighted map of landslide and 
aspect  
Slide_linedens --- cross weighted map of landslide and 
lineament density  
Slide_landuse --- cross weighted map of landslide and 
landuse  
Landuse hazard map =   Slide_geol + Slide_slope + 
Slide_aspect + Slide_linedens + Slide_landuse 
 
Table 5. Information values obtained from analysis. 
 
Conditioning factors Variable cases Information value 
Geology 
Darjeeling gneiss 0.0070497 
Dalling phyllite and schist 0.2787 
Lower Gondwana 0.33897 
Biotite daling phyllite 0.33897 




0º - 15º -0.4379 
15º - 25º 0.07318 
25º - 35º 0.10726 
35º - 45º - 0.26120 




Denseforest - 0.26391 
Openforest - 0.02134 
Openscrub 0.16156 





0 – 2 km/km
2
 0.974 
2 – 4 km/km
2
 - 0.0602 
4 – 6 km/km
2





North - 1.737 
North east - 0.3307 
East 0.04300 
South east 0.15943 
South 0.11987 
South west 0.22962 
West - 0.486148 
North west - 0.9004 
 
While preparing the landuse hazard map the negative 
information values have not been considered as 
weightage as negative values of information value is 
not relevant in landslide development and also it might 
reduce the total score of a pixel, thus diminishing it 
susceptibility to landslide.   
 































The output map showed values ranging from 0 to 
2.612. Three classes of landslide zonation were made: 
Low risk:  0 to 1 
Moderate risk: 1 to 2 
 
High risk: > 2 
The distribution of landslide susceptibility zones is as 
shown In Table 6. 
 
 
Table 6. Distribution of various risk classes in the study area. 
 
S.No Susceptibility class Area in km
2 
% of total area. 
1 Low risk 58.128 36.24 
2 Moderate risk 101.84 63.49 
3 High risk 0.423 0.26 
 
Conclusion 
Data limitations and model shortcomings are two 
factors responsible for high level of uncertainty in 
landslide susceptibility evaluation. Susceptibility 
evaluation of landslide and its prediction deals with the 
spatial component of hazard, and has as a main goal to 
answer to the following question: where will future 
landslide occur? Administrative authorities responsible 
for civil protection, urban planners and environmental 
management personnel’s has a critical need for 
research on the spatial probability of landslide 
occurrence. The landslide susceptibility assessment 
taking into consideration the landslide topology should 
be transferred to decision makers implementing 
landslide loss-reduction strategies, so as to reduce the 
likelihood of occurrence of damaging landslides and 
minimize their social and economic effects.  
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